Lamotrigine suppresses neurophysiological responses to somatosensory stimulation in the rodent.
Neurotransmitter release and voltage-gated ion channel activity in excitatory neurons are critical for understanding and interpreting neuroimaging signals. Couplings between changes in neural activity and energetic/vascular responses are assumed for interpretation of neuroimaging signals. To investigate involvement of neural events to neuroenergetic/neurovascular responses, we conducted multi-modal magnetic resonance imaging (MRI) measurements (at 7.0 T) and electrophysiological recordings (with high impedance microelectrodes) for local field potential (LFP) and spiking frequency (nu) in alpha-chloralose-anesthetized rats. The rats underwent forepaw stimulation before and after treatment of lamotrigine, a neuronal voltage-gated ion channel blocker and glutamate release inhibitor. Multi-modal MRI measurements of cerebral blood flow (CBF) and blood oxygenation level-dependent (BOLD) signal were combined to estimate changes in cerebral metabolic rate of oxygen consumption (CMRo2). Lamotrigine did not appreciably affect values of nu, CBF, and CMRo2 in the resting state. After lamotrigine treatment, evoked changes in LFP and nu were attenuated, which were consistent with commensurate declines in deltaCBF and deltaCMRo2. While number of evoked BOLD-activated voxels was considerably reduced with lamotrigine, intensities of voxels in middle cortical layers were affected to a lesser degree by lamotrigine. The results suggest that lamotrigine suppresses evoked neurophysiological (i.e., neural/energetic/vascular) responses, both in terms of volume of tissue activated and degree of activation in the foci. Since lamotrigine affects evoked responses but not the basal signals, it can be suggested that glutamate release and activity of voltage-gated ion channels are essential for initiating evoked energetic/vascular responses, and thereby important for interpretation of incremental changes in neuroimaging signal.